ABSTRACT
Introduction
Several genes have been determined in Lactococcus lactis, which confer technological advantage to particular strains. The gene for citrate-permease (citP) allows the rapid intake of citrate resulting in enhanced aroma formation by strains of L. lactis ssp. lactis biovar. diacetylactis (3, 5, 9) ; the presence of a gene encoding a membrane proteinase (prtP) dramatically improves the growth of L. lactis cultures in milk (4, 6) ; nisin-encoding genes (nisA and nisZ) in L. lactis strains indicate their potential antimicrobial activity or point to their possible application as a component of autolytic starter culture combinations (11, 14) ; prophage genes such as the one for viral integrase (int) in the genome of L. lactis strains are predictive for the lysogenic behavior of the culture, making it unsuitable for industrial application. (13, 14) . Reliable PCR methods for confirmation of the species L. lactis and its two subspecies lactis and cremoris as well as for detection of DNA sequences related to the presence of each of the above genes have been developed (10, 12, 13) .
The selection of industrial lactococcal cultures in Bulgaria has been performed in the 1970s with many of them still on the market as starters for cheese, butter and cream. These cultures however have not been characterized with contemporary molecular methods, while for the last 30 years there has been a significant development in the studies of L. lactis as a model of lactic acid bacteria. To close this gap we have undertaken a study of the lactococcal cultures in the LBB bacterial collection using gene-specific PCR. Whenever applicable the results from the PCR analysis were further confirmed with classical phenotypic tests (7, 8, 16) .
Materials and Methods

Bacterial strains
All strains used in the study were local isolates of lactococci, maintained in the LBB culture collection (LB Bulgaricum PLC, Sofia, Bulgaria) with the exception of particular test cultures obtained from other culture collections. All reference strains are listed in Table 1 . Before analysis all cultures were grown overnight in M17 broth (15) at 30 o C. o C. The amplified products were run on 2% agarose in TAE buffer at 100V in the presence of appropriate DNA size marker and visualized by staining with ethidium bromide.
TABLE 2
Primer pairs used in the study Primer pair: target gene (Reference) gadB21/GAD7: glutamate decarboxylase, gadB ( 
Microbiological methods
The ability of the lactococcal cultures to ferment citrate was tested on citrate agar (7) . Proteinase positive and proteinase negative strains were discriminated on BCP-milk agar (8) . The production of nisin by the cultures was tested using Micrococcus luteus DSM 1790 as an indicator strain (16) . Thermal activation of prophages was performed by switching incubation temperature of the lysogenic culture from 30 o C to 39 o C (13).
Results and Discussion
To characterize fully each lactococcal strain from the LBB collection the PCR tests started with species/subspecies identification, followed by confirmation of specific technological traits in the selected cultures. (Fig. 2B) . Lactococci are very rich in plasmid content, harbouring plasmids which carry genes essential for the growth of the culture in milk, even the gene for β-galactosidase being localized on a plasmid (2). (9) are the first to prove that citrate utilization of L. lactis ssp. lactis biovar. diacetylactis is plasmid-linked. In the present study all diacetylactis strains harboured multiple plasmids (Fig. 3A) and the citP gene was invariably found to be localized on a 8.2 kb plasmid (Fig. 3B) . Cultures that lacked the citP amplification product and the hybridization signal were not able to utilize citrate and therefore were not considered as representatives of the diacetylactis biovariety. Consequently, it can be speculated that L. lactis ssp. lactis biovar. diacetylactis strains can be regarded as L. lactis ssp. lactis cultures that have acquired a citP-carrying plasmid. 
Species and subspecies confirmation
Presence of membrane proteinase
The presence of membrane proteinase in lactococcal strains dramatically improves the growth of the culture in milk. Hence the detection of the prtP gene has an important consequence for the industrial application of a strain. Among the tested LBB lactococcal cultures one L. lactis ssp. cremoris and three L. lactis ssp. lactis biovar. diacetylactis strains were found to be positive for the prtP gene as well as the reference cultures L. lactis ssp. cremoris DSM 4367 and L. lactis ssp. lactis biovar. diacetylactis LMG 7949 (Fig. 4A) .
For the type strains of L. lactis ssp. lactis and L. lactis ssp. cremoris no amplification product was observed. All prtP-positive strains formed large colonies on BCP-milk agar changing the colour of the medium from purple to yellow, while strains lacking the proteinase formed small colonies and failed to change the medium (Fig. 4B) 
Detection of nisin-encoding genes
The presence of nisin-encoding genes is an important technological advantage for lactococcal cultures intended for application as protective cultures against unwanted and pathogenic foodborn bacteria. In the present study nisin specific amplification product was obtained only for one LBB strain -L. lactis ssp. cremoris LBB.L590/7 as well as for the control reference strain L. lactis ssp. lactis DSM 20729. However only strain DSM 20729 was able to suppress the growth of the test culture Micrococcus luteus DSM 1790 in the nisin production test, even when the supernatant was neutralised or heat-treated (Fig. 5) . Although L. lactis ssp. cremoris LBB.L590/7 tested positive in the PCR test it failed to inhibit the test culture, indicating that the nisin gene may be not transcribed in this strain, or that very low amounts of the substance are produced.
Detection of potential lysogenic strains
Prophage sequences are typical for lysogenic lactococcal strains, which are not suitable for industrial application as they may cause failure in the fermentation or ripening process of dairy products. In the present study the presence of prophages was tracked by PCR detection of the phage integrase gene, required by temperate bacteriophages to integrate their DNA into the lactococcal host genome. Suprisingly nearly one third of all tested cultures gave the 1 kb amplification product for integrase, indicating that potential lysogeny is a very common property among lactococci (Fig. 6) . Whether all prophage genes are intact in a strain so that active viral particles are produced is difficult to test phenotypically as prophages are triggered by different factors. (13) have demonstrated that certain prophages can be triggered by shifting the incubation temperature to higher than the optimal value. We could confirm this observation for one int-positive strain L. lactis ssp. lacis LBB.C1/6 that rapidly lysed when temperature was shifted from 30 o C to 39 o C, proving that the int-specific PCR test had detected the presence of an intact and active prophage in the genome of this strain (Fig 7) . 
Conclusions
Gene-specific PCR for the detection of the presence of the technologically important lactococcal genes for citrate-permease, membrane proteinase, nisin synthesis and prophage integrase permits a rapid and cost effective selection process for strains with high potential for industrial application. Although phenotypic tests with microbiological methods are needed for final confirmation of the properties of lactococcal cultures, the summarized set of PCR methods is especially suitable for fast initial screening of large numbers of lactococcal isolates from different sources. 
